The results of a histopathological study of 30 cases ofAcanthamoeba keratitis are construed as indicating a four stage pathogenetic sequence: (1) initial infection, involving breaching ofthe surface epithelium; (2) keratocyte depletion by the invading trophozoites; (3) inflammatory response mediated by neutrophil polymorphonuclear leucocytes; (4) stromal necrosis attributable to leucocytic activity.
Acanthamoebic keratitis is now sufficiently well known not to need an introduction.' 2Neverthe-less, the numbers are small such that a comprehensive review in 1987' was able to draw on reports of just 63 cases diagnosed in the United States. Given that 85% of cases are said to be linked to the wearing of contact lenses,3 even the 250 cases recorded by the Centers for Disease Control in Atlanta4 are trivial in comparison with the more than two million contact lens wearers in the United States. This suggests that the causative protozoon is either a weak pathogen or that there is a high degree of innate host resistance. A relative lack of pathogenicity is emphasised by the widespread distribution of the various Acanthamoeba species and the corresponding potential for infection. Partly because of the small numbers available for study and partly because, until recently,5 it has proved difficult to develop a satisfactory animal model, understanding of the way in which Acanthamoeba damages the cornea is incomplete. In 1988 I presented a hypothesis based on the histological study of 10 personally observed cases6 and the purpose ofthe present paper is to reinforce the suggestions advanced on that occasion in the light of subsequent experience. Matenrals (Figs 3 and 4) . Lymphocytes and plasma cells were rarely found. Absence of covering epithelium was another frequent finding but the extent to which this was artefactual could not always be determined. In the five cases in which enucleation of the globe had been performed moderate to severe chronic uveitis was observed, most evident anteriorly and in the form of diffuse lymphocyte and plasma cell infiltration. Vascular congestion and chronic inflammation of the perilimbal bulbar conjunctiva was also evident.
All purely corneal specimens were examined for the presence of trophozoites or cysts at the resection margin but, in view of the sporadic distribution of the organisms, this was not considered to be a reliable exercise and the results are not recorded. Acanthamoeba was not detected in the sclera of the five enucleation specimens.
The findings in individual cases are listed in Tables 1 and 2 and summarised in Table 3 
Results
Common to all 29 full thickness corneal discs was depletion of stromal keratocytes (Figs 1 and 2) , particularly in the anterior half of the substantia propria. In two cases this was focally obscured by reparative fibrosis and in the single case in which anterior stroma only was available there was no apparent reduction. Loss of stromal collagen affecting variable areas of the corneas was also observed in the majority of specimens (76-7%) and, while most obvious in the anterior lamellae, was associated with full thickness perforation in three cases. Leucocytic infiltration was also common but again was much more obvious anteriorly (86-7%) than in the posterior stroma (33 3%) , and consisted almost entirely ofneutro-
Discussion
The low incidence of acanthamoebic keratitis despite the widespread prevalence of the causative organism is capable of at least two mutually compatible explanations. One is that the Acanthamoeba organism is a weak pathogen and the other is that the corneal epithelium presents a generally insurmountable barrier to invasion. trophozoites and cysts in the deeper stroma in established infections without surrounding leucocytic infiltration. Thus, whereas trophozoites or cysts were identified in the posterior half of the stroma in 28 out of the 30 cases, inflammatory cells were seen in just 10 and in six of those the numbers were trivial. The relevance of some potentially adverse evidence of an early polymorphonuclear leucocyte response culled from experiments in rats'6 is thrown into question by the further evidence that the inflammation becomes chronic after 7 days and results in eventual elimination ofthe parasite: spontaneous resolution does not appear to occur in the human cornea and in none of the 30 cases was there significant chronic inflammatory cell infiltration.
The absence of leucocytes at this phase of the infection invites comparison with certain parasitic disorders of the cornea wherein it is principally dying or degenerate organisms that attract an infammatory response. Microfilariae of Onchocerca volvulus, for instance, injected into the perilimbal conjunctiva of rabbits under experimental conditions, invade the cornea and persist for several days without attendant leucocytes so long as they remain viable.23 It is not clear, however, whether a similar relationship pertains in the case ofAcanthamoeba.
tissue formation may occasionally be seen. The loss of keratocytes appears to be independent of any inflammatory reaction since, whereas the depletion extended through the full thickness of the stroma in 25 cases (83-3%), leucocytes were confined to the anterior lamellae in all but 10 (33 3%). The 369 an acute inflammatory cell infiltration. This can be taken to infer that the lysis was attributable to enzymes released by the neutrophil polymorphonuclear leucocytes. If so the process is comparable to the neutrophil-mediated collagenolysis described in experimentally induced corneal alkali burns.30 It is noteworthy, however, that there were six cases of significant stromal necrosis in either the absence of a recognisable leucocytic response or with minimal inflammatory cell infiltration. This suggests that other or additional factors, such as collagenolytic enzymes secreted by the Acanthamoeba trophozoites,3' may be involved. Alternatively, it may be that the apparent discrepancy reflects the effects of antiamoebic drug therapy and the time interval between the active phase of the keratitis and surgery. The extent to which the neutrophils are able to kill Acanthamoeba spp and counterbalance their harmful consequence is uncertain, especially in relation to encysted forms, while in vitro experiments suggest that they need the cooperation of both complement and antibody to be effective.3233
In summary it appears that the following sequence of events could account for the observed histological findings:
(1) Parasitic invasion of the anterior stroma through a defect in the covering epithelium.
(2) Phagocytosis and consequent depletion of keratocytes beginning anteriorly and gradually spreading to involve the full thickness of the cornea.
(3) Secondary acute inflammatory cell infiltration of the devitalised stroma.
(4) Stromal necrosis attributable to leucocytic and parasitic collagenolysis.
It is not the purpose ofthis paper to discuss the outcome of treatment save to comment that 10 of the 30 patients suffered recurrent keratitis following the initial graft procedure. This suggests that amoebic invasion of the perilimbal zone is not uncommon but, as indicated earlier, the sporadic distribution of organisms renders any attempt to determine whether the margins of resected discs are free of involvement a forlorn exercise. Anterior scleritis is a well documented complication of Acanthamoeba keratitis which could mean that the inflammation reflects direct protozoal infection. Alternatively, detailed study of a case reviewed elsewhere,' led to the conclusion that indirect immunological phenomena were more likely and it may be significant that in none of the five enucleation specimens in the present series was it possible to demonstrate Acanthamoeba. The nature of the stimulus to scleral inflammation and the occasional persistence of scleritis after corneal transplantation in patients with acanthamoebic keratitis clearly needs further investigation.
